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waar ARE THE OPERATING CHARACTERISTICS OF SPLIT PHASE, 
CAPACITOR -START AND REPULSION-START INDUCTION MOTORS? 


| WHAT KIND OF BEARINGS DO MOTORS HAVE? 
HOW ARE MOTORS PROTECTED FROM EXCESSIVE CURRENT? 
| HOW ARE MOTORS STARTED AND CONTROLLED? 


«HOW IS DIRECTION OF MOTOR ROTATION CHANGED? 


WHAT MACHINE CHARACTERISTICS DETERMINE MOTOR REQUIREMENTS? be 
Farm machinery and equipment ordinarily turned by hand can be 
ay 


operated with a small electric motor at a cost range of one cent 


ni ads 


about a saving in time and labor and to reduce investment in new | Bi 


equipment. Hand labor cannot compete economically with low cost 


To fully understand how motors meet practical operating con- ; 
“Eitions, it is MeRGREArY. ih sea tas any load into three parts. Each 
of Whe 8e parts igs vary “separately and independently from each other 
: eet a wide sihancale These peut are designated as (a) starting load, 


tag ¥55 
ag acceleration load, and me oul speed Load» peat selecting ie 


ad in 
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 SScEhe Popead TacGaeen ate ‘still other cases, ‘the sachin st 


under full load, ‘Examples of canines iavingh each of ‘these 

teristics ares 

Fan, tool grinder 

Ensilage cutter 

Piston type water 
cream separator 


1. No starting .load 
2. Some starting load 
3. Full load at start 


(B) Acceleration Loads 


e 
the se Seas parts, and Aa increased work-done by the machine 

ded 
ay speed increases. A cream EE and a heavy fly — 


hard to start. 


are i ie (C) Full Speen Loads i ; aaa 


te 


This Perens oleae a dee of the machine on bee motor after ee 


py ae oF ie 


has reached full speed. In alae, ‘temporary ‘overloading of t 


silage cutters, hammer mills, and hay balers, may be > sub jes a5 


a in. foot. pounds « of work pape iunnends to rotate a load 


+ - 
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fa is aks also used to measure the power of the glia in pulling on the 
Bed be has ae en re : 
Ss eae Bngineers, mechanics, end electricians divide the three torque 


meas 


loads discussed under A, ras and C share as testa beds ; 


ines Torque, eis Thrnd ne effort required to start. Oe 
rotating a load. 


. Pull-up Torque nee Turning effort to bring the load 
We oe is ; ero D up to the proper operating speed | . 
> ie vt eae after it is started, 


Pag ees , Break-down Torque- The size of load that will reduce | 
EBB | | motor speed and eventually stall 
Hele : | the motor. 


The size of motor required to ecvelaNy any machine depends on the ; 
"three ewe: of loads and the ainatson of the maximum load. Since the 
igs types” of electric motors generally iene have different operating 


, 


ie | characteristics, the type must be matched to the load to obtain satis- 


2 factory operation. 


Most farmers have only single phase electric service, _Conse- 
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"quently the following discussion will cover single phase motors only. 
“These notre ard made in several designs, but only two of these 

~ designs are particularly well adapted to general farm use. They are 

‘the capacitor-start and the repulsion-start induction run motors. 

- When both the Minot ie es motor characteristics are known, the proper 


size and type of "motor can be selected. 


bcs 


are several ObHen types of single phase ROE Ost - they re 


generally as desirable as the three listed above. | a 


types of motors. Its operating stniactetitine a ta 


sirable of the three. Its greatest starting torque is a Pee 


machines. Consequently the split phase motor should not 


: 


230 percent of its rated full speed torque. nts sep ee 


wha 


| 


quires a relatively large amount of current to start and come up 


: 


to full speed. The starting current may be seven to nine times 


the full load current. This motor is not made in sizes over 


half horsepower because of the excessive starting and acceleratin 


Current 6.7 i: Bement os 
a . 
This high starting Sarceha ne is undesirable in many situat cree 


because very large wires are necessary if the motor is to have 


full, though limited, starting ability. When improperly inste ee 
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Capacitor-Start Induction Run 
Motors 


Capacitor-start, induction motors are somewhat more expensive axe 


as ‘ Or: Ber alt } ve ¢ 
‘aan nae ae The “sani aie type motor can be distin- 


which is orn mounted on ee of neiustor.: a 
te capacitor- -start motor has a. starting torque of SURE FS: hee 
435 percent of ‘its full load torque. This is nearly ate 
lit phase motor. It has a pull-up 
paar 250 percent and a breakdown torque “or 
“epprorinately 265, sys: of full load Perdis “Its higher start- c 
g torque makes it a . better aeanats than the split phase type for : 


ara” starting ioade cH ‘maxcimum starting cirrent is from four to i 


nies 


y 


3 lead the full load current. In’ Table I you will see that | | Hea 


“) aes. ct 


his starting current is hota Esty one-half that of the split anon 


v \ 
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ae 
| phage motor on similer loads. 


tee Motors of this type are | manufactured in ‘practional horsepower 


! 


se and integral horsepower sizes up to 20. horsepower. “However, eS 


- power distributors generally limit the maximum size of motors on 
A 0? y the a "on . i ; , 
i ess ngle ‘phase Lines to either five or seven and one-half horsepower. oe 


on modification ‘of the capacitor- -start motor is the capacitor- 
start eapacitor-run motor. It has about the same operating charac - ie 


1 a 


28 as ‘the capacitor- -start motor: and is manufactured in the 


ees 5 i | 


it 


It is not recommended for general farm use because of tte eh te 


production and scarcity on ue market. ay ee ieee 


Repulsion-Start Induction Motors = 


into one frame. This motor feos as a repulsion motor, but a 
: at 


the necessary speed is reached, it operates as an induction ae 


‘ ; " ‘ : wt pitta 4 er (8 F 
general farm use. he starting as a dart etee ee has Beh 
torque of approximately 520. percent of its normal full apace: torque. eae 


This great ability to start a ee iB VOT, importance to formers, as 


many farm machines require a high sheeeane torque. It has @ pull 


ss 


up torque of approximately 225 percent.,, and: a ieexaont torque of 


about 265 percent of its normal full load torque. Mete 
oN Mi fo ee eG < 
The pectene current for this motor is very Beh as compared ; 


with the other two types of Sea bn. It has a ‘starting current 


‘ 


ranging from two to four times its full load current. This is on Ro 


added _ advantage, as smaller wiring can be used to _ supply current 


to this motor as compared to the other types on similar loads and 


at equal distances from the meter or distribution panel, 


Many farmers will use the same motor on several machines; — 
: : wd 
therefore, a motor should be purchased for general use that is- 


nee 


’ 
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\ capable of delivering maximum power*in starting, pull-up and 


‘breakdown loads. The repulsion-start induction motor is best 
suited to fill these requirements. Consequently this motor is 
highly recommended where it is'to be put to general farm use. 
It is manufactured in fractional ‘and: integral horsepower sizes. 
It also is subject to the same general limitations of five or 
seven and one-half horsepower by the power Line operators. 

Machines to which the repulsion-start induction run motor 
are best suited include a cream separator, hammer’mill, ensilage 
cutter, .and large yolume blower fans. 

When a motor is purchased for use on one machine only, it 

should be selected to most nearly fit the characteristics of that 


caching. 


Other Types of Motors 
There are several other types of motors, none of which are 
as adaptable to general farm use asthe three previously described, 
The universal motor is probably most commonly used. It gets its 
name from its ability to-operate on e1ther alternating or direct 
current, It depends on its load to control. its ‘speed, and con- 
sequently has very poor epee Sot on oeare Its main tet is 


for small household appliances, such as food 1 mixer or vacuum cleaner. 
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It is not yeccamenaed for general fares use. 


m= ~. S20ug! Fractional Horsepower Motors: 
Fractional horsepower motors are those rated at less than one 
horsepower, -Such motors ere made: in’ split phase, capacitor, and re- 
pulsion-induction types. They can be operated on 115 volts, but 
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230 volts BETS better operating results for and ase horsepower 


> aed 
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or larger sizes, | Wiring changes veStiber the notor dust be made to 
change of een 15 eet re vise versa. 

Many. fractional horsepower ‘motors are j permanentiy attached to 
the machines they operate because of the frequency ven using the ma- b 
chines. When Several machines e requiring a a ‘small. motor are to be 
operated andre quent Lge one motor can cutinc be ade for all. oti 
such cases, both motor and machine should — attachments that. 


permit easy, quick, firm mounting, and somes quick dismounting. 


A motor used in this way is iencgen as a . portable motor. . 


Integral Horsepower Motors 

Integral rao motors are of one horsepower or larger 
size. They may be obtained in 1, 13, 2, 3, 5, 73 or 10 horse- 
power sizes, Split phase motors are not made in sizes larger than 
one-half horsepower, but both capacitor-start and repulsion-start 
induction motors are generally available. As previously stated, 
some power suppliers may not permit the use of 74 or 10 horsepower 
motors on their lines. When necessary, the larger motors can also 


. be made portable by attaching them to a two-wheeled cart. 


III WHAT KIND OF BEARINGS DO MOTORS HAVE? 

A motor has a uniform turning movement about the an PAS “Be- 
cause of this, there is aittle shock or vibration on the motor bear- 
ings. If a motor is properly mounted on a FAG S support, most of 
theiwear on the nopndnees waa be that due 60 the weight of the 
rotating Peat and the pressure due to belt tension and motor torque. 
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A bearing is Haetenea’ rer a definite load or pressure on its 
surface. If this load is exceeded, rapid wear results. A belt that 
is too tight will overload a bearing and cause abnormal wear and un- 
due heating. For this reason, a belt should be just tight enough to 
prevent slipping. 

Both sleeve and ball types of bearings are used. Ball bearings 
are easier to keep properly lubricated and require less attention. 
They are made of high grade steel, while sleeve bearings are made of 
brass, bronze, or babbitt. Ball bearing motors cost more than sleeve 
. bearing motors, but this additional cost is offset by the less 
attention they require. 

Bearings are not only designed for definite loads, but are 
designed to take loads in only one direction.  Poeedirbtrate a motor 
designed for horizontal mounting should not be mounted with the 
shaft vertical nor in positions which are extremely off level. 
Motors for vertical mountings must have a thrust bearing at one 
end of the shaft to support the armature. Vertical motors are 
normally built with ball bearings because of idee problems 
on sleeve bearings when mounted in a vertical position. 

Occasions will sometimes arise when a horizontal motor must 
be mounted overhead in an upside down position, or possibly on its 
side with the base mounted on a vertical wall. When this is 
necessary, the motor end brackets or bells must be removed and 
revolved a one-fourth or one-half turn so the bearing oil reser- 
voirs are in their normal position below the bearings. This 
change is very important, as otherwise the oil can drain out 


leaving the bearings without lubrication. 
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IV HOW ARE MOTORS PROTECTED FROM EXCESSIVE CURRENT? 
Electric motors are capable of taking great overloads without 


damage for short periods of time. However, if overloading continues, 


the motor will overheat and will be damaged. This is due to excessive 


heating of the windings it} the motor and the destruction of the insu- 
lation. Consequently, electric motors should have chetectine devices 
to limit the current they can draw and to stop them when they begin 
to overheat. 

There are four general methods of motor protection. These are 
(1) protection against short circuits and large overloads; (2) pro- 
tection against long, continuous overload; (3) protection against 
low voltage; and (4) thermal protection against heating that accom- 
panies the first three conditions. 

Motors are usually protected from short circuits and large over- 
loads, that would result in stalling, by fuses or circuit breakers. 
Motors draw a much higher starting than operating current, and such 
fuses or circuit breakers must have a current carrying capacity enough 
greater than the normal full load capacity of the motor to pore the 
motor to develop its full starting torque. As a result, these devices 


do not protect against moderate, but continuous, overloads. 


Continuous Overload Protection 
All motors should be protected against moderate, continuous 
overloads. When motors become overloaded, excessive heat is generated 
proportional to the overload. Devices for this type of protection 
shut off the motor when the protective device reaches a certain 
temperature. The greater the overload, the shorter the time required 
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for sufficient heat to develop*to stop the motor. These devices 

are made on several principles by different manufacturers, but any 
Underwriters' Laboratories approved control should be satisfactory. 
When an overload switch opens, the: motor cannot be restarted until 
the control has had time to cool. If a motor has heated, it can be 
cooled by running it without load after the starting device has been 


reclosed. 


Low Woltese Proteeeion 

An electric Lee is Beaipacd and built to operate at its 
rated voltage. el the voltage is too low, the motor will either 
fail to start, will pple me to ite rated speed after starting, 
or will not handle its full load without overheating. Under these 
conditions a motor Will draw more current than it is designed to 
use. This results in overheating and-damage to the motor. The in- 
sulation of the windings may. actually burn. out. Most motors are 
designed to run at 104° F. above: the temperature around them. 
(Note: Permissible increase in motor temperature is shown as 
: ho? C. on the name plate of the motor.. This is the equivalent 
of 104° F.) ° 

“When the motor is in operation, it warms up but no damage 
results as long as the temperature does. not exceed the 104° F. 
rise permitted. If allowed to continue to heat, the insulation 
on the wires will eventually Ge aaa asd and may smoke and burst 
into flame. Loaded eae anes Peal warm; but if you can 
hold your hand on a motor ar tHont discomtort,’ the temperature is 
not too high. In Been ab asarhae the notor Ay be too hot for 
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your hand on, coritinuous operation. When this is discovered 
lubrication should be checked and the motor examined to oe that 
settevanep aioli, and at proper tension. If-the insulation gives 
= an odor or smoke comes from the motor it should be stopped 
biden aglaw 

To protect motors from low voltage damage , a switch or starting 
box having a low-voltage cut-out is often used. Should:the voltage 
fall below a point set by the manufacturer, the control would auto- 
matically stop the motor. The switch will not remain closed when 
reset until the low-voltage condition has “ites corrected. Low 
voltage’ protection is not Renee? Laauecaner Practioneas ioneeeeee 


motors. 


Thermal Motor. Protection 

Some manufacturers place .a thermal-switch or thermostat in the 
motor when it is assembled, These switches are set to open, thus 
cutting off the current whenever the motor becomes too warm for 
safety. In many cases they are made to close the circuit auto- 
matically when the motor cools:.off. In other designs, they must 
i reset by hand after the motor cools down. This. type of control 
operates entirely independent of other motor controls installed as 


a part of the wiring system or specifically for the motor. 


‘V- MOTOR STARTERS AND CONTROLS | 

Regulations and rules stabi 1eHee by the National Blectrical 
Code for starting ean pment should be ‘met. “the heer controller or 
switch should have a . horsepower rating not men than the horsepower 
rating of the motor. However, there are a few eceeat ore to this rule. 


rope ke Vs 


x ble m _ one-fourtl Ease @ smaller may : 


; rted and stopped by connecting or @isconnecting an ee ancian 


sf Dat cree 
ore: ee a convenience outlet; for a ‘two fees ncpen or smaller 


’ 
mn 


PP isaes motor, the POnEEOLTET may we a genera alouse switch hav- 
ing ‘an ampere rating of at least twice bee full load current rating 
of the motor. | 
To sum up the above requirenents, a motor above one-fourth 
horsepower rating must have an eee eee starting switch of 
rated capacity set to the motor on as ey it is to be used. This 
switch must be mounted within sient oF the motor and within 50 feet 
of the motor, 
There are three general classes of starting switches. They are: 

1. Manual across-the-line starter eae ak 

2. Magnetic across-the-line starter 

3. Manual or magnetic start, current 

limiting control 

A manual control must be operated at the switch, wherever it 
is peewee Bi ieenat to control may be operated at a remote point 
Dy Ueine 8 uh button switch ah an extension cable, long enough 
to reac the Point where motor Fonerod is desired. This is much 
safer ‘than the ee oreraped control because the push button 
switch can be laced ina location convenient to the operator,. 
_ The magnetic across-the -Line starter is sons commonly used 
on farm motors eee: than one horsepower, This device does not 
operate a momentary overloads such as the big starting current, 
Boe will protect the motor from sustained | overload. The motor 
dealer elit cupply the Diaper. controls, Foy the motors he sells. 
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“trols should be. se ts a 
fod: connected to the motor frame - by a. ‘continuous stare per 


ie 


service ground at the main service entrance equipment. 
‘€rame can also be grounded through the farmstead: wiring, it the 


ing is a grotnded secondary system. This method of grounding r 


a .three-wire cable, the motor frame being grounded to the white wit 
: VI WHAT ARE THE MOST COMMON MOTOR SPEEDS AND 
HOW IS DIRECTION OF MOTOR ROTATION CHANGED? . 


- The most common motor speed is 1750 rpm. The next most ) 


generally available Peete are 1160 and 3500 rpm. “However, mot 


ee 


with these latter speeds are somewhat more expensive to purchase 


aN 


because they are Tan raS tute 4 in omaller > quantities. th a 


Main pulleys ¢ on farm iy Rae ke ‘rotate in different direc~ 
tions. The same notor is frequently deed to drive several machine of 


Ig the motor Sahat be properly located, it will be vacate 
"change + tne direction of the rotation of the motor. — This can be done — 
che the Ue or ceniedt ie a hy ia here a few minutes time and a J knowledge 
oe aad to Sree the wires in the motor. | ote 

“The split phase and capacitor motors are reversed in direction i 
by reversing the starting Aft leads. Wiring changes are shown " 
on asagrans under z the cover plate where ‘the wires attach to the motor 
or on tags avtacked. to oach 1 new notor. “The > repuleion-start inavetion 
pauls reversed te shifting Uae Keuatoat in be Giveetion of desired 
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REPULSION CAPACITOR 


START START 
INDUCTION INDUCTION 
**FRACTIONAL HORSEPOWER 
MOTORS 
Starting Torque 550% 435% 
Pull-up Torque 225% 250% 
Break Down Torque 265%. 265% 
Efficiency 66% 65% 
**¥*Maximum Starting 
Current (Percent 
full load current) 200 to 400% 600 to 700% 
*INTEGRAL HORSEPOWER 
MOTORS 
Starting Torque 400 to 450% 250% 
Pull-up Torque 200% 200% 
Break Down Torque. 235% | 3 210% 
Efficiency 81% 78% 
***Max imum Starting 
Current (Percent | 
full load current) 200 to 400% 600 to 700% 


*Taken from infcrmation on five horsepower single phase motors published ake 
by Century Electric Company, St. Louis, Missouri : 


**Taken from information published by Century Motor Company 


***Taken from "Electrical Engineering" - 1939 issue - by E. E. Kimberly 
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‘Electrical Engineering 
E, E. Kimberly 


Ps Motor Refresher Course _ 
: Century Electric Company . 
St. Louis 3, Missouri 


Les A ‘Portable aianice for Practical Racal Use! 
Extension Bulletin 457 ; 
University of Georgia — 
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